As renal fibrosis significantly contributes to various kinds of chronic kidney diseases, this study aimed to investigate the renal protective effects of Qingshen Buyang Formula against renal fibrosis on 5/6 nephrectomized rats, and its underlying mechanisms were explored. A total of 24 male Sprague-Dawley rats were randomly divided into sham operation group (Sham group), 5/6 nephrectomy group (5/6Nx group), and Qingshen Buyang Formula treatment group (QBF group). The intervention was intragastric administration for 12 weeks. In the end, the blood samples were collected to test renal functional parameters, urine proteins were measured, and the left kidneys were removed for histological studies, as well as mRNA and protein expression analysis. The results showed that Qingshen Buyang Formula significantly decreased BUN, Scr, and proteinuria in 5/6Nx rats. Meanwhile, it ameliorated the kidney injury and fibrosis, exemplified by the depressed expression of collagen I and fibronectin (FN), which are the main components of ECM. Furthermore, the process of EMT inhibited the Wnt/ -catenin signaling pathway related genes, such as Wnt4, TCF4, -catenin, and p-GSK3 . Collectively, the Qingshen Buyang Formula can improve renal function and attenuate renal fibrosis, and its underlying mechanisms may be related with inhibiting EMT and Wnt/ -catenin signaling pathway.
Introduction
Renal fibrosis is the common final pathway of diverse forms of chronic kidney diseases (CKD), which has become one of the major diseases threatening human health [1, 2] . Renal fibrosis is characterized as excessive deposition of extra cellular matrix (ECM), including fibronectin and collagens [3] . Previous studies have suggested that renal fibrosis correlates with the progression to end-stage renal diseases [4] . Thus, strategies that can prevent renal fibrosis could have a marked clinical influence [5] . However, until now, there are still few clinical treatment options [6] .
Qingshen Buyang Formula is prescribed based on the theory of traditional Chinese medicine, which is the most important and widely used therapy for various diseases in China for thousands of years. The formula contains 14 natural herbs and has the function of promoting blood stasis, eliminating turbid dampness, and tonifying YangQi. It has been used in clinic for years to treat various kinds of chronic kidney diseases and gained satisfactory renal protective effects. Yet, the underlying mechanisms have not been fully explored.
Renal fibrosis has a very complicated etiology and pathogenesis. Among them, EMT and Wnt/ -catenin pathway are frequently studied. EMT of tubular epithelial cells is an important mechanism involved in renal fibrosis [7] . The contribution of EMT to renal fibrosis has been described to occur in various fibrotic kidney diseases [8] . It is believed that, through EMT, the injured tubular epithelial cells induce accumulation of fibroblasts or myofibroblasts and the abundant deposition of ECM, ultimately leading to renal fibrosis [9] . Wnt/ -catenin signaling pathway is an evolutionarily conserved, developmental pathway implicated in regulating a variety of biological processes, such as cell fate determination, tissue homeostasis, and organ development [10] . Although Wnt/ -catenin pathway is quiescent in normal adult kidney, it can be reactivated in various models of kidney injury. Sustained activation of Wnt/ -catenin pathway is detrimental and could lead to renal fibrosis. Several comprehensive 2 Evidence-Based Complementary and Alternative Medicine reviews have highlighted the crucial role of this pathway [11, 12] .
In this study, we use the 5/6 nephrectomized rats model to simulate the process of chronic kidney disease, so as to observe the effects of Qingshen Buyang Formula on kidney injury and fibrosis and explore its mechanisms based on EMT and Wnt/ -catenin pathway.
Materials and Methods
. . Animals. A total of 24 male Sprague-Dawley rats (8 weeks old, weighting 180∼200 g) were purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd. (SPF grade, license number: SCXK (Jing) 2012-0001). All animals were reared in a light-controlled (12 h/12 h light/dark cycle) room at 24±1
∘ C and humidity of 50%-70% and given free access to standard rat chow and water. The study was approved by the Ethics Committee of Hebei University of Chinese Medicine. Every effort was made to minimize suffering.
. . Animal Modeling and Grouping. After being acclimated for 1 week, the rats were randomly divided into 3 groups (n = 8 per group), namely, sham operation group (Sham group), 5/6 nephrectomy group (5/6Nx group), and Qingshen Buyang Formula treatment group (QBF group). Using full sterile technique, all rats underwent sham operation or 5/6 nephrectomy under anesthesia with 10% chloral hydrate (3 ml/kg). 5/6 nephrectomy was performed using a standard two-step surgical ablation procedure [13, 14] . First, 2/3 of the left kidney was removed by amputation of both renal poles. Then, 1 week later, the right kidney was totally removed, while the Sham group, serving as control group, underwent a sham operation without damage to the kidney.
. . Drug Administration. Two weeks after the second surgery, the rats of QBF group were administrated with Qingshen Buyang herbal granules at a dosage of 3.24 g/kg daily, and those of Sham group and 5/6Nx group were fed with equal volume of drinking water ( Figure S1 ).
Herbs of Qingshen Buyang Formula were provided by Guangdong Yifang Pharmaceutical Co., Ltd. (Foshan, China . . Sample Collection. After 12 weeks of intervention, 24h urine was collected in metabolic cages, and then the rats were sacrificed and the blood samples were collected from abdominal aorta. The left kidneys were removed and spliced into several parts. Some of them were fixed in 4% paraformaldehyde for histological studies, and others were stored in liquid nitrogen for protein and mRNA extractions.
. . Renal Functional Parameters Test. The blood urea nitrogen (BUN) and serum creatinine (Scr) were tested by a Hitachi automatic biochemical analyzer (7600-020, Hitachi, Tokyo, Japan).
. . h Urine Analysis. The urine volume of each rat was recorded, and the urine proteins were tested by a Hitachi automatic biochemical analyzer (7600-020, Hitachi, Tokyo, Japan).
. . Renal Histopathology. The paraffin-embedded kidney sections (thickness 2 m) were stained with hematoxylineosin (HE), periodic acid-Schiff (PAS), Masson trichrome, and Picrosirius red. The operation of staining the sections was according to the instructions. Morphology of kidney tissue was observed under BX63 + DP72 optical microscope (Olympus Co., Ltd., Tokyo, Japan). Renal lesions areas in HE staining pictures and renal fibrosis areas in Masson staining pictures were quantified using Image-Pro Plus 6.0 image analysis system.
. . Immunohistochemistry Studies. After deparaffinization, the sections were incubated in 3% H 2 O 2 deionized water and then the epitopes were retrieved by microwave. Next, the sections were blocked with goat serum and incubated with primary antibodies overnight at 4 ∘ C. Afterwards, incubation of biotinylated goat secondary antibody and streptavidin-HRP was conducted, followed by diaminobenzidine (DAB) staining, hematoxylin counterstaining, and gummy neutral balsam. Finally, the sections were imaged using the microscope. The primary antibodies used are as follows: ECadherin (GTX100443, GeneTex Inc., CA, USA, 1: 500), ×-SMA (ET1607-43, Hangzhou HuaAn Biotechnology Co., Ltd., Hangzhou, China, 1: 200), Vimentin (ab92547, Abcam, Inc., UK, 1: 400), and FN (ab2413, Abcam, Inc., UK, 1: 300).
. . Immunofluorescent Analysis. For immunofluorescence staining, the sections were blocked with goat serum and incubated with E-Cadherin (1: 200) and ×-SMA (1: 100) antibodies and collagen I (AF7001, Affinity Biosciences, Cincinnati, OH, USA, 1: 200) at 4 ∘ C overnight. Then the specimens were incubated with DAPI and secondary antibodies. Finally, the reaction was visualized using a fluorescence microscope.
. . Western Blot Analysis. Total protein was extracted from the renal cortex of rats and quantified with the BCA assay (MultiSciences Biotech Co., Ltd., Hangzhou, China). Then the protein was diluted with 5× loading buffer and denatured at 100 ∘ C for 5 minutes. Afterwards, the protein samples were electrophorised in SDS polyacrylamide gel and then transferred onto PVDF membranes (Millipore Corporation, Bedford, MA, USA). The nonspecific background bindings were blocked with 5% nonfat milk for an hour. Then the membranes were incubated in primary antibodies at 4 ∘ C overnight and secondary antibodies for 1 hour. Optical density of the bands was scanned by Odyssey infrared fluorescence imaging system (LI-COR, USA) and quantified using ImageJ (National Institutes of Health, USA). The primary antibodies Evidence-Based Complementary and Alternative Medicine 3 
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. . Effects of Qingshen Buyang Formula on Renal Functional Parameters of Rats.
At the end of 12 weeks after surgery, the renal functional parameters, BUN and Scr, were tested to determine the effects of Qingshen Buyang Formula on renal function. As shown in Table 2 , the 5/6 nephrectomized rats had obviously increased BUN and Scr levels compared with the sham operation rats (P < 0.05). Additionally, the BUN, Scr, and 24h UTP in rats treated with Qingshen Buyang Formula were significantly decreased compared to the 5/6 nephrectomized rats (P< 0.05). Thus, we conclude that Qingshen Buyang Formula can protect renal function by decreasing BUN and Scr.
. . Effects of Qingshen Buyang Formula on Proteinuria. As shown in Table 3 , there is no significant difference in urine volume among the three groups. Meanwhile, 24h urinary total protein (24h UTP) and 24h urinary microalbumin (24h UMA) in the 5/6Nx group were significantly higher than those in the Sham group. Notably, 24h UTP and UMA in the QBF group were obviously lower compared with 5/6Nx group. Collectively, Qingshen Buyang Formula can decrease proteinuria.
. . Effects of Qingshen Buyang Formula on
Renal Histopathology. Under light microscopy with HE staining (Figure 1(a) ), Masson trichrome staining (Figure 1(b) ), PAS staining (Figure 1(c) ), and Picrosirius red staining (Figure 1(d) ), rats of sham operation group showed normal morphology, and no significant changes were found. In contrast, 5/6 nephrectomized rats showed segmental sclerosis of remnant glomeruli, focal renal fibrosis, enlargement of tubular lumen, tubular epithelial cells vacuolization, tubular atrophy, interstitial expansion, and numerous infiltration of inflammatory cells. Notably, Qingshen Buyang Formula treatment significantly attenuated renal lesions (Figure 1(e) ) and renal fibrosis (Figure 1(f) ) caused by the 5/6 nephrectomy, as compared to the untreated 5/6 nephrectomized rats. Taken together, Qingshen Buyang Formula can ameliorate renal histopathological changes.
. . Effects of Qingshen Buyang Formula on Renal Fibrosis
Related Proteins. Collagen I and FN, which are well known as important components of ECM, are closely related to renal fibrosis. Immunofluorescence and immunohistochemistry staining showed that collagen I (Figure 2(a) ) and FN (Figure 2(b) ) staining were significantly increased in the 5/6Nx group compared to the sham operation group, while treatment with Qingshen Buyang Formula markedly alleviated these effects. Consistent with this result, Qingshen Buyang Formula evidently inhibited the mRNA expression of collagen I (Figure 2(c) ) and FN (Figure 2(d) ) in contrast to the 5/6Nx group (P< 0.05). Therefore, it can be concluded that Qingshen Buyang Formula attenuates renal fibrosis by inhibiting ECM deposition. 
. . Effects of Qingshen Buyang Formula on EMT.
EMT is characterized by downregulation of E-cadherin and upregulation of some mesenchymal genes, typically ×-SMA and Vimentin. To examine the effect of Qingshen Buyang Formula on EMT, we tested the expression of E-cadherin, ×-SMA, and Vimentin by immunohistochemistry, immunofluorescence, and western blot. Immunohistochemistry staining of ×-SMA (Figure 3(a) ), E-cadherin (Figure 3(b) ), and Vimentin (Figure 3(d) ) showed that 5/6 nephrectomy induced upregulation of ×-SMA and Vimentin expression and downregulation of E-cadherin expression. Notably, the expression of ×-SMA and Vimentin was remarkably depressed, while the expression of E-cadherin was prominently promoted when the 5/6 nephrectomized rats were treated with Qingshen Buyang Formula. The results of immunofluorescence (Figure 3(c) ) and western blot ( Figures  3(e) , 3(f), 3(g), and 3(h)) are in accordance with that. Thus, we conclude that Qingshen Buyang Formula restrains EMT.
. . Effects of Qingshen Buyang Formula on the Wnt/ -Catenin
Signaling Pathway. Wnt signaling has been reported to be hyperactive and detrimental in the progress of renal fibrosis. Based on this, we further examined the expression of Wnt signaling molecules by western blot and qPCR. The western blot results (Figures 4(a) , 4(b), and 4(c)) demonstrated that the protein expressions of Wnt4, TCF4, and p-GSK3 in 5/6Nx group were obviously higher than those in sham operation group (P< 0.05), indicating the activation of Wnt/ -catenin signaling pathway. Of note, Qingshen Buyang Formula significantly decreased the protein expression of Wnt4, TCF4, and p-GSK3 , whereas the expression of GSK3 in each group had no difference. In accordance with the western analysis, the qPCR (Figures 4(d) , 4(e), and 4(f)) also confirmed that the Wnt/ -catenin signaling was overactivated in 5/6Nx rats. Meanwhile, Qingshen Buyang Formula could inhibit the overexpression of Wnt4, TCF4, and -catenin mRNA expression (P < 0.05). Collectively, we conclude that Qingshen Buyang Formula may inhibit the overactiviation of Wnt/ -catenin signaling pathway.
Discussion
Renal fibrosis is the major hallmark of various types of progressive chronic kidney diseases. Aberrant and excessive deposition of ECM is the typical characteristic of renal fibrosis and amplifies the severity of kidney injury. In the present study, renal protective effects of Qingshen Buyang Formula on 5/6 nephrectomized rats were evaluated. The results demonstrate that Qingshen Buyang Formula improves renal function, decreases proteinuria, and ameliorates 5/6 nephrectomy-induced kidney injury, fibrosis, and deposition of ECM. Further study also reveals that the underlying mechanisms in the process are related to the inhibitory effect of the herbs on EMT and Wnt/ -catenin signaling pathway.
According to the theory of traditional Chinese medicine, the pathogenesis of renal fibrosis mainly focused on turbid dampness and blood stasis, accompanied with YangQi deficiency. In this point of view, Qingshen Buyang Formula is prescribed as basic medicine to treat renal fibrosis. The Qingshen Buyang herbs used in this study can be categorized into 3 types based on their therapeutic functions. Qingshen Buyang Formula has exhibited significant renal protective effects in clinical treatment and earlier studies suggest that these herbs can alleviate renal fibrosis by inhibiting the expression of fibronectin, laminin, and TGF-1 [15, 16] . In accordance with this, the results of this study showed that Qingshen Buyang Formula can protect renal function by decreasing BUN, Scr, and proteinuria compared with the 5/6Nx group. At the same time, the herbs can relieve the pathological changes caused by 5/6 nephrectomy. Besides, the renal fibrosis and ECM deposition were significantly alleviated with a reduction of collagen I and fibronectin.
The concept of EMT is first described by Elizabeth Hay in the late 1960s. Since then, many novel findings have been published. The process of complete EMT can be artificially divided into four steps. The first and pivotal step is the downregulation of E-cadherin [17] . Once Ecadherin is downregulated, the epithelium loses cell-to-cell junctions [18] . Next, -SMA expression is induced and actin reorganized [19] . Then the transitioning cell changes into a mesenchymal phenotype [20] . Recently, Lovisa et al. [21] and Grande et al. [22] proposed new concept of partial EMT. They found that, after injury, TECs got the phenotype change in situ without leaving renal tubules. Although EMT is a controversial subject, a consensus that EMT plays a significant role in renal fibrosis is reached [9, 23] . In this study, 5/6 nephrectomy successfully induced tubular EMT, while the treatment with Qingshen Buyang Formula prominently alleviated the process by downregulation of ×-SMA and upregulation of E-Cadherin. Therefore, the renal protective effects of Qingshen Buyang Formula may be related to inhibiting EMT. To date, Wnt/ -catenin signaling pathway has attracted much attention for its function to promote renal fibrosis. The Wnt ligands, by binding to their receptors, can transmit their signal across the plasma membrane and inhibit the -catenin destruction complex [24] . Then the stabilizedcatenin translocates into the nuclei and binds to TCF/LEF to stimulate the transcription of Wnt target genes [25, 26] . Accumulating studies have demonstrated that activation of Wnt/ -catenin signaling promotes renal fibrosis in various models of kidney injury [27] [28] [29] . In line with this finding, inhibition of Wnt/ -catenin signaling is associated with significantly improved outcomes [30] [31] [32] [33] . In the present study, Wnt/ -catenin signaling is overactivated by 5/6 nephrectomy, reflecting as the markedly increasing protein and mRNA expression levels of Wnt4, TCF4, p-GSK3 , and -catenin. What is more, the Qingshen Buyang Formula lowers these indicators. In all, the results suggest that the renal protective effects of Qingshen Buyang Formula may be related to inhibiting Wnt/ -catenin signaling pathway.
There are still some limitations to our study. First, Qingshen Buyang Formula consists of multiple drugs, while the actual effective components and their interactions are unclear until now. So further studies are needed to figure out the effective components in the formula, and every effective component should be tested as drug control. Second, experiments in vitro are needed to reconfirm the directly inhibiting effects of the formula on activation of Wnt/ -catenin and Wnt/ -catenin-induced EMT. Therefore, we will explore these problems further and in depth to make the experiment more precise and meaningful.
Conclusion
In summary, our study demonstrates that Qingshen Buyang Formula can improve renal function, ameliorate renal fibrosis, and reduce ECM deposition. Furthermore, the underlying mechanisms may be related to inhibiting EMT and Wnt/ -catenin signaling pathway. Thus, the Qingshen Buyang Formula may be an alternative therapy for renal fibrosis.
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